on micro-and nanofabrication using focused ion beam and focused electron beam. Decade ago, he expanded his research from sequential nanofabrication using fine beams to parallel nanofabrication using UV nanoimprint. He researched fundamentals of UV nanoimprint, such as resolution limit, repeatability, line edge roughness, bubble elimination, residual layer control. He also investigated properties of UV curable resin such as shrinkage, sensitivity, viscosity, and so force. He serves as a head of nanoimprint, nanoprint and rising lithography section of Microprocesses and Nanofabrication Conference, and an editor of Japanese Journal of Applied Physics.
Hidemasa Atobe received the B. Eng. and M. Eng. in applied electronic engineering from Tokyo University of Science, Japan, in 2008 and 2010, respectively. In 2008, he joined Dr Hiroshima's group in AIST under the cooperation program between AIST and graduate school of Tokyo University of Science. He researched properties of UV curable resin in AIST and made an excellent work on the viscosity of UV curable resin in a thin film prepared on a Si wafer.
UV nanoimprint [1] [2] [3] [4] is a promising new lithography technology with extremely high resolution. Since UV nanoimprint is based on solidification by UV light exposure at a constant temperature, UV nanoimprint is free from thermal expansion mismatch between a mold and a wafer, which is an inherent problem in thermal nanoimprint [5] [6] [7] . In addition, UV nanoimprint requires a much smaller imprint pressure in comparison to thermal nanoimprint because of liquid state of the UV curable resin, and the smaller imprint pressure results in the smaller deformation of a mold during imprinting. However, the low imprint pressure unexpectedly uncovered the bubble defect problem [8] which is not a matter in thermal nanoimprint [9] . The
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Volume 23 Number 1 (2010) 5-6 ©2010 CPST air trapped in mold recesses is completely dissolved in moldable materials by a high imprint pressure of thermal nanoimprint [10] but is not completely dissolved in the UV-curable resin of UV nanoimprint [11] . The bubble problem is troublesome and inherent in UV nanoimprint [12] .
Dr. Hiroshima's group developed a unique UV nanoimprint technique based on gas condensation to solve the bubble defect problem [8, [13] [14] [15] . They showed complete bubble elimination in UV nanoimprint using pentafluoropropane (PFP) and found that UV curable resin filling in PFP is much faster than that in air [15] . In the analysis of resin filling using Stefan's equation, a viscosity of UV curable resin in a bulk status was forced to be used since the viscosity of UV curable resin in a thin film was unknown. To understand the filling process of UV curable resin, any parameters determining the process should be precisely known. The viscosity of UV curable resin is one of the most important parameters; therefore, they challenged to measure the true viscosity of UV curable resin in a thin film [16] . They originally designed a unique viscosity measurement apparatus for thin liquid films based on laminar shear of fluid between two plates, and constructed a viscosity measurement apparatus based on the design. They applied sine wave in the viscosity measurement and force response as a function of velocity was detected. They carefully analyzed data and obtained the viscous characteristics of a thin liquid film. By the viscosity apparatus, they could determine the viscosity value of UV curable resin in a thin film and revealed that UV curable resin completely keeps Newtonian characteristics even in a film with a thickness of around 1 m.
As described above, Dr. Hiroshima's group has developed a useful measurement method for analyzing viscosity characteristics in a thin liquid film and revealed the characteristics of UV curable resin in a thin film. Their important research results have been presented at the Conference of Photopolymer Science and Technology 2009 and the paper has been published in Journal of Photopolymer Science and Technology [16] . Their contributions give the fundamental aspects on the development of not only UV curable resin but also other liquid materials used in a thin film form, and will contribute understanding UV nanoimprint process and expanding UV nanoimprint world.
